Highlights: SBP transcription factors SlySBP8b and SlySBP12a from tomato interact with an insect inhibitor of apoptosis protein (SfIAP). Both exhibit pro-cell death characteristics while SlySBP12a activity may be regulated through ER membrane tethering.
were expressed from the GAL1 promoter with an N-terminal fusion of the B42 activation protein 1 0 0 in the pB42AD plasmid (Takara Bio USA, Inc.). Bait and prey library were sequentially 1 0 1 transformed into EGY48 yeast using standard protocols. Yeast containing bait and plasmid were plated on SD galactose (-His/-Trp/-Leu) to induce gene 1 0 5 expression and select for bait-prey interactions. After incubating at 28⁰C for ~5 days, colonies 1 0 6 were pooled in 10 mL of sorbitol/phosphate buffer (1.2 M sorbitol, 0.1 M NaPO 4 , pH 7.5) per 1 0 7 plate, pelleted, and resuspended in 2 mL of sorbitol/phosphate buffer supplemented with 500 U 1 0 8 of lyticase (Sigma: L2524-25KU) and 250 µg of RNAse A. Yeast cells were incubated in the 1 0 9 lyticase buffer for 3 h at 37⁰C prior to plasmid recovery. Plasmid DNA was extracted using a 1 1 0
Wizard Plus SV Miniprep kit (Promega) and a modified protocol. Briefly, 2.5 mL of lysis 1 1 1 solution and 80 uL of alkaline protease solution were added to yeast protoplasts and incubated at 1 1 2 room temperature for 10 mins. Next, 3.5 mL of neutralization solution was added and cellular 1 1 3 debris was pelleted by centrifugation. Supernatant was run through the provided columns and 1 1 4 plasmid DNA eluted according to the manufacturer's instructions. Low-cycle PCR was 1 1 5 performed to amplify cDNA's from the prey library. Briefly, MyFi™ proofreading DNA 1 1 6 polymerase (Bioline) and pB42AD forward and reverse primers (flanking the cDNA insertion 1 1 7 site of pB42AD) were used to amplify cDNA's ( Supplementary Table S1 ). A QIAquick PCR 1 1 8 purification kit (Qiagen) was used to clean PCR products before sequencing. and kanamycin (50 µg/mL) at 28 C with shaking. Cells were harvested by centrifugation, 1 4 0 washed once with sterile deionized water, and resuspended in infiltration medium (10 mM 1 4 1 MgSO 4 , 9 mM MES, 10 mM MgCl 2 , 300 µM acetosyringone, pH 5.7) to a final concentration of 1 4 2 OD 600 = 0.9. Cultures were incubated at room temperature for 4 h before infiltration. Nicotiana corresponding to the 4 th or 5 th true leaf. Plants were transformed at different ages due to 1 4 7 differences in rate of growth between the two species. For total protein extraction, leaf tissue was frozen in liquid nitrogen and ground in 3x Laemmli buffer (10% β -mercaptoethanol). Samples were boiled for 10 minutes followed by 1 5 0 centrifugation at 10,000 g for 5 min. Supernatants were removed and transferred to new tubes. Total proteins were separated by electrophoresis on a 12% Tris-Glycine-SDS polyacrylamide gel 1 5 2 (BioRad). Proteins were transferred to a nitrocellulose membrane. Total protein was detected transformed leaves were collected and ground in liquid nitrogen to a fine powder. Extraction Tris-Glycine-SDS polyacrylamide gels (BioRad). Proteins were transferred to duplicate All leaf images were taken using a Nikon D5500 camera with a Nikon AF-S NIKKOR 18-55 2 2 8 mm lens. Quantification of DAB staining intensity and fungal growth was performed using the Fiji package for ImageJ (Schindelin et al., 2012) . For quantification of DAB staining intensity, 2 3 0 the Colour Deconvolution package was used to isolate the DAB color channel for each DAB- quantified by tracing the periphery of the lesion and calculating the area within the periphery 2 3 5 using ImageJ. Statistical analyses were performed using a one-way analysis of variance 2 3 6 (ANOVA) with Tuckey's honest significant difference (HSD) test in R Studio (RStudio Team, 2 3 7 2016). To identify putative binding partners of SfIAP from tomato, we performed a yeast two-hybrid 2 4 5 assay coupled with next-generation sequencing using a method developed by Lewis et al. (2012) 2 4 6 termed quantitative interactor screen sequencing (QIS-Seq). This method enables the entire pool proved useful for screening multiple baits, including a negative control, against the library as 2 5 0 well as sequencing the entire cDNA library itself ( Supplementary Fig. S1A .). were used as bait to screen a tomato cDNA library produced under stressed conditions. The to account for non-specific protein interactions and potential autoactivation of the selectable 2 5 8 marker. The cDNA library itself was also sequenced to account for biases in transcript identified in our screen (Table 1) . Interestingly, this list contained six members of the interactor with SfIAP BIR1 was SlySBP12a (98.7). Also present at lower enrichments were 2 6 6 SlySBP4, -6a, -6c, and an unannotated homolog referred to as SlySBP-like (Table 1) . SfIAP is known to inhibit apoptosis in S. frugiperda and suppress cell death when expression could clearly be seen (Fig. 1A) . However, overexpression of the other SlySBPs failed protein accumulation for all constructs (Fig. 1B) . These results show that at least two SfIAP residue was used as our bait. This version maintains its function in S. frugiperda cells but lacks a 2 8 8 caspase recognition site that is typically cleaved in S. frugiperda (Cerio et al., 2010) . This is 2 8 9 particularly important since we show that cleavage at the N-terminus of the full-length protein 2 9 0 occurs in N. benthamiana, thus removing N-terminal epitope tags ( Supplementary Fig. S2 ). To 2 9 1 prolong transient interactions that may take place between SfIAP and its targets following 2 9 2 ubiquitination, an E3 ligase mutant of the truncated SfIAP protein was used by mutating a 2 9 3 conserved residue in the RING domain (Cerio et al., 2010) . This construct, referred to as 2 9 4 SfIAP M4 (I332A), is resistant to N-terminal cleavage in N. benthamiana ( Supplementary Fig. S2 ). Trap_MA beads (Chromotek, Germany). All proteins were detected in the input fraction, and HA-SlySBP8b and HA-SlySBP12a were successfully pulled-down by YFP-SfIAP M4 (I332A) but not by free YFP (Fig. 2) . These data confirm the yeast two-hybrid results and demonstrate that mutagenesis was used to substitute conserved lysine and arginine residues in the NLS with 3 1 2 leucine ( Supplementary Fig. S3 ). Overexpression of the two NLS mutants, 35S:HA- wild-type and NLS mutants confirmed that protein accumulation was not greatly affected by 3 1 6 mutations in the NLS (Fig. 4B ). Thus, nuclear localization of these two transcription factors is 3 1 7 required for cell death to occur. While YFP-SlySBP8b was found to be strictly nuclear-localized, YFP-SlySBP12a was 3 1 9 also localized to diffuse pockets outside of the nucleus (Fig. 3) . The presence of a putative C- electrolyte leakage compared to the full-length construct ( Fig. 6A and 6B ). The TMD of 3 2 7
SlySBP12a may thus regulate its access to the nucleus and the subsequent induction of cell To determine the membrane localization of SlySBP12a, the last 73 amino acids of the Another clade-II member, GmSPL12l from soybean, was shown to be a target of the plant stress responses that result in cell death. overexpression to A. alternata lesion areas was small, it was significantly greater than leaves 4 3 8 expressing the negative control 35S:YFP (Fig. 9 ). The small differences in growth could be explained by the fact that A. alternata is already an aggressive pathogen and the benefits of 4 4 0 priming its host for death would be small. To test this, we also treated leaves with FB1, which is As members of a transcription factor family, we hypothesized that SlySBP8b and 4 4 9
SlySBP12a exert their pro-death activity in the nucleus. We show that these transcription factors 4 5 0 are clearly localized to the nucleus of tomato protoplasts (Fig. 3) and mutation of the bi-partite 4 5 1 NLS of both transcription factors abolishes cell death (Fig. 4) . These results support our Unlike SlySBP8b, which we found to be strictly nuclear localized, SlySBP12a was also 4 5 9 present outside of the nucleus (Fig. 3 and Fig. 5 ). By fusing the putative C-terminal TMD of 4 6 0
SlySBP12a to YFP, we were able to show that the TMD of SlySBP12a localized YFP around the 4 6 1 nucleus and at the periphery of N. benthamiana epidermal cells (Fig. 5 ). We hypothesized that 4 6 2 this pattern was due to ER localization. This was confirmed in tomato protoplasts, where both 4 6 3 YFP-SlySBP12a and YFP-TMD SlySBP12a co-localize with the ER marker SP-mCherry-HDEL 4 6 4 ( Fig. 7) . In response to environmental stress, plant cells increase production of secreted proteins, 4 6 6 which in turn can cause ER stress due to the sudden influx of proteins that must be properly 4 6 7 folded before moving through the rest of the secretory pathway (Eichmann and Schafer, 2012).
6 8
This makes the ER an important sensor of cellular stress as the accumulation of unfolded Membrane tethering provides spatial regulation of transcription factor activity, as MTTFs must 4 7 3 be removed from the membrane before the transcription factor domain can translocate to the In this study, we show that SlySBP12a exhibits a localization pattern similar to 4 7 7 previously described ER-MTTFs from Arabidopsis: NAC089, bZIP28, and bZIP60. These transcription factors, that can be targeted to ameliorate stress tolerance is appealing. This is exemplified by recent interest in exploiting SBP genes for crop improvement due to the many 5 0 5 developmental traits they regulate (Liu et al., 2016; Wang and Wang, 2015) . Efforts are 5 0 6 underway in our lab to determine whether the disruption of these transcription factors impact 5 0 7 tolerance to a range of abiotic and biotic insults. Table S1 . List of primers used in this study. Fig. S1 . Summary of the QIS-Seq approach used to identify SfIAP-interacting partners. 
